Fine needle aspiration (FNA) has diagnostic and therapeutic value in the management of salivary gland cysts. Rendering an accurate diagnosis from an aspirated salivary gland cyst is challenging because of the broad differential diagnosis, possibility of sampling error, frequent hypocellularity of specimens, morphologic heterogeneity, and overlapping cytomorphology of many cystic entities. To date, there have been no comprehensive review articles providing a practical diagnostic approach to FNA of cystic lesions of salivary glands. This article reviews the cytopathology of salivary gland cysts employing 2017 World Health Organization terminology, addresses the accuracy of FNA, and presents The Milan System approach for reporting in cystic salivary gland cases. The utility of separating FNA specimens from salivary gland cysts, based upon the presence of mucin and admixed lymphocytes in cyst fluid is demonstrated. A reliable approach to interpreting FNA specimens from patients with cystic salivary gland lesions is essential to accurately determine which of these patients may require subsequent surgery.
Introduction
Several non-neoplastic lesions, benign neoplasms, and malignancies of the salivary gland can present with a predominant or minor cystic component [1, 2] . It is important to distinguish these lesions from one another because patient management often differs among these groups. At least one-third of cystic salivary gland lesions are neoplastic [3] . Table 1 lists common cystic salivary gland lesions likely to be encountered. Non-neoplastic cystic salivary gland lesions can be divided into true cysts (e.g., lymphoepithelial cyst) and non-developmental cysts (e.g., retention cyst) [4] . Occasionally, one may also encounter more rare cystic lesions in the salivary gland such as an epidermoid cyst [5] , keratocystoma [6] , odontogenic keratocyst [7] , and primary hydatid cyst in endemic regions [8] . Salivary gland cysts can typically be identified by ultrasound. However, occasionally, benign or malignant tumors (e.g., lymphoma, metastases) can be misinterpreted as a simple cyst, pseudocysts can be hard to discern, and paradoxically certain cystic lesions can present as solid lesions on ultrasound [9] . FNA is frequently utilized for diagnostic purposes, and when needed, can be used therapeutically to drain benign cysts. Employing FNA early on in the diagnostic work-up of patients can help avoid unnecessary surgery.
FNA of cystic lesions in the head and neck region is notoriously challenging because many disparate entities may present with similar cytological findings [10] [11] [12] . Moreover, FNA of cystic salivary gland lesions are typically of low cellularity. The rate of inadequate sampling and false negative results is increased in cystic lesions compared with solid tumors [13, 14] . The diagnostic value of FNA can be increased if, after drainage of cyst fluid, any residual solid components are also sampled. FNA may yield mucoid (mucin) or non-mucoid (e.g., serous) material. For this 1 3 reason aspirates of cystic salivary gland lesions are typically divided into "mucinous" and "non-mucinous types" (Fig. 1) . Mucin (mucicarmine-positive) may be viscous and resemble thick colloid-like material. Non-mucinous cyst contents are generally more watery, proteinaceous and may contain scattered acute and/or chronic inflammatory cells (e.g., lymphocytes, macrophages) and debris. Crystals may sometimes also be identified.
Only a limited number of articles have reported cytopathology studies of cystic salivary gland lesions [15] [16] [17] [18] . The largest study to date from Johns Hopkins reviewed 145 FNA cases of cystic major salivary gland lesions in which the majority (84.8%) of patients had follow-up data available [17] . In this series most (79.3%) cases were non-neoplastic, several (11.0%) were reported as "favor non-neoplastic, but cannot rule out neoplasm", and only 1 (0.7%) was diagnosed as malignant (squamous cell carcinoma). On follow-up, the 13 cases which turned out to be malignant had been diagnosed on cytology as non-neoplastic (n = 6, 5.8%), suspicious for a neoplasm (n = 6, 60%), and malignant (n = 1, 100%). In another series of 56 cystic lesions of salivary glands, investigators noted that the presence of atypical squamous metaplasia in oncocytic lesions was an important cause of false-positive diagnoses of carcinoma, and that FNA samples of low-grade mucoepidermoid carcinoma (MEC) may sometimes contain no epithelial cells and consequently result in false-negative diagnoses [15] . In another study evaluating only 8 cases with subsequent surgical resection, "non-diagnostic" FNA cases (with non-mucinous background) were determined to be benign (lymphoepithelial or duct cysts) whilst those categorized as "atypical" (with a mucinous background and no epithelial component) were found to be either benign (mucocele) or neoplastic (pleomorphic adenoma with cystic degeneration and low-grade cystic MEC) [18] .
Accuracy of FNA
In general, FNA of salivary gland lesions has good sensitivity (86-100%) and specificity (90-100%) [19] . Accuracy of FNA to distinguish benign from malignant salivary gland lesions is also respectable (81-100%), but to some extent less so (48-94%) when used to specifically subtype salivary gland neoplasms [19] . FNA diagnostic accuracy of salivary gland cysts has performed equally well. In the study reported by Layfield and Gopez (n = 56 patients), FNA of cystic salivary gland lesions demonstrated an overall diagnostic accuracy of 84% [15] . In the study reported by Edwards and Wasserman (n = 97 cases, where 21 had histologic follow-up), FNA resulted in a correct diagnosis in 72% and clinically significant misdiagnoses in 14% of cases [16] . In another study (n = 37 cases) the concordance of FNA with histopathology for salivary gland cystic masses was 92%, whereas it showed a sensitivity of 77%, specificity of 100%, positive predicitve value (PPV) of 100% and negative predictive value (NPV) of 89% [20] . Allison et al. in their FNA series (n = 145 cases) reported a sensitivity of 41.6%, specificity of 99%, PPV of 90.9%, and NPV of 87.6% for the detection of cystic salivary gland neoplasms [17] . In this latter study, cases containing mucin performed exceptionally well, showing 100% sensitivity and 100% specificity for the detection of neoplasms (Table 2) , especially MEC. This finding The Milan System for Reporting Salivary Gland Cytopathology 
Differential Diagnosis
There is a broad differential diagnosis to consider when evaluating an FNA specimen obtained from a salivary gland cyst. The diagnostic approach recommended follows the algorithm depicted in Fig. 1 .
Mucinous Salivary Gland Cysts
The differential diagnosis of mucin-containing cysts includes non-neoplastic cysts and cystic neoplasms with mucinous features [22] .
Non-neoplastic Mucus Cysts
Non-neoplastic cysts that contain mucin include mucus retention cysts and mucoceles. Mucus retention cysts (sialocysts or salivary duct cysts) are common. They frequently develop following salivary gland duct obstruction (e.g., sialolith, inspissated secretion) that results in duct ectasia with focal containment of mucoid material. Mucoceles are pseudocysts associated with mucus extravasation from salivary glands into surrounding soft tissue (Fig. 2) . They may occur due to trauma as well as obstruction of salivary gland ducts. Both mucous retention and extravasation cysts mainly arise in minor salivary glands (e.g., buccal mucosa, lip). However, they may occur in major salivary glands (e.g., superficial lobe of the parotid, sublingual gland). A ranula is a large mucocele arising from the sublingual gland that presents in the anterior floor of the mouth (oral ranula) that may subsequently push down into the deep submental space (plunging ranula). Retention cysts tend to occur in the elderly whilst mucoceles are found mostly in children and young adults. Unlike a mucocele that is surrounded by granulation tissue and/or fibrosis, a salivary duct cyst is lined by epithelium (true cyst). They are lined by 1-2 layers of cuboidal/columnar epithelium showing varying types of metaplasia (oncocytic, mucous cell, squamous, sebaceous, ciliated, apocrine-like) [23] . Papillary proliferation may rarely be seen, and should be separated from a cystadenoma [24] . They may occasionally have a 'Warthin tumor-like' lymphoplasmacytic infiltrate. FNA of these lesions demonstrates hypocellular mucinous material contents, possibly with inflammatory cells and in the case of retention cysts also scant degenerated cuboidal, oncocytic or squamoid epithelial cells [25] .
Cystic Mucinous Neoplasms
Cystic neoplasms with mucinous features include low-grade mucoepidermoid carcinoma (MEC), papillary cystadenocarcinoma, and Warthin tumor or pleomorphic adenoma with mucinous metaplasia. MEC is a common primary salivary gland malignancy in young adults and children. They are seen mostly in the parotid gland, but can involve any of the other glands. These tumors are classified into low-, intermediate-, and high-grade carcinomas. By ultrasound, low-grade MEC can mimic a benign, well-defined salivary cyst [26] . They can have cystic (typically with low-grade MEC) and/or solid (typically with higher-grade MEC) components. The amount of mucin aspirated often depends on tumor grade. Failure to obtain diagnostic material may occur with purely cystic tumors and/or if any solid component is not sampled. Lowgrade MEC has mostly glandular (mucinous) cells (Fig. 3) , that produce abundant mucin, and mixed squamous (epidermoid) cells [27] . They are a common cause of false negative salivary gland diagnoses because aspirates typically yield hypocellular specimens that show predominantly abundant extracellular stringy mucin, few macrophages, and bland epithelial cells (Fig. 4) [25, 28] . Mucinous cells often resemble histiocytes. "Histiocytoid" cells may be round or columnar, have abundant finely vacuolated cytoplasm, and usually contain small uniform eccentrically located nuclei. Such cells are typically immunoreactive for cytokeratin and p63, but are negative for androgen receptor and CD68. Cystic oncocytic MEC with a lymphoid component may mimic Warthin tumor [29] . A Warthin-like MEC variant of mucoepidermoid carcinoma has also been described [30] . In addition, MEC may rarely involve Warthin tumors [31] . In FNA samples obtained from higher-grade MEC, there is increased cellularity, cells with high-grade features (e.g., pleomorphism, high N:C ratio, prominent nucleoli, mitoses) and possibly necrosis. In these aspirates, one is also more likely to find coexistence of mucin-secreting goblet-type cells, polygonal intermediate (clear ductal-appearing) cells, and crowded sheets/clusters of non-keratinizing squamoid cells. Although keratinization is rare, squamoid cells can be mistaken for metaplastic squamous cells or metastatic squamous cell carcinoma. For difficult cystic tumors with a high index of suspicion for MEC, repeat aspiration may be helpful. In addition, if there are sufficient cells present, one can attempt to identify a MAML2 rearrangement that is detectable in most (80-85%) MECs.
Cystadenomas are rare, benign, large, well-circumscribed tumors characterized by a unicystic or multicystic growth pattern. They arise most commonly in adult females and involve major or minor salivary glands equally. Unilocular cysts mimic duct ectasia. They may contain focal or abundant intraluminal papillary projections. Their lining epithelium consists of bland cuboidal or columnar cells, which may show oncocytic or less often mucous, apocrine or squamous differentiation [2, 32, 33] . Unlike Warthin tumor, in papillary oncocytic cystadenoma the oncocytic epithelium is unilayered without a bilayered tram-track appearance, lacking a dense lymphoid stroma. These neoplastic cysts may contain crystalloids, calcifications and histiocytes [34] . Cystadenocarcinoma is the malignant counterpart. They are also either unilocular or multicystic but in these tumors the cysts, smaller ducts and solid nests focally infiltrate into the adjacent salivary gland parenchyma. Their lining epithelium has more numerous and complex papillae. A variety of cell types can be seen including mucous, clear, oncocytic and rarely epidermoid cells. Their cyst lumens are filled with mucin and on occasion, dystrophic calcification. The cytological features of these malignancies depend on their grade and histological features. FNA can accordingly show scant vacuolated tumor cell clusters with relatively bland nuclei and background mucinous cystic fluid [35] [36] [37] , or with higher grade malignancies may be more cellular and contain papillary clusters of glandular cells (Fig. 5) . Unlike cystic MEC, these malignancies lack an admixture of both mucous and squamous cells.
Non-mucinous Salivary Gland Cysts
A practical approach to the differential diagnosis of cystic salivary gland lesions that yield non-mucinous aspirates is to further classify them into samples with and without associated lymphocytes.
Lymphocytic Non-mucinous Salivary Gland Lesions
The differential diagnosis of a cystic, non-mucinous lymphocytic aspirate includes non-neoplastic cysts (e.g., lymphoepithelial cysts) and lymphoid-rich cystic neoplasms (e.g., Warthin tumor).
Non-neoplastic Lymphocytic Cysts Salivary gland lesions that fall into this category are lymphoepithelial cysts. The term lymphoepithelial cyst (LEC) was introduced in 1958, instead of branchial cleft cyst [38] . LEC may be single (simple) (Fig. 6 ), but more recently, have been associated with HIV/AIDS [39] [40] [41] . HIV-associated LEC usually manifest as multiple, bilateral lesions affecting the parotid glands. They may sometimes be the first manifestation of HIV infection. LEC can also occur in association with chronic infection and autoimmune sialadenitis, most commonly Sjögren syndrome [42] . In Sjögren syndrome, minor salivary glands tend to be involved. LEC are acquired cysts, postulated to either arise from cystic transformation of inclusions within intra-/peri-salivary gland lymph nodes or secondary to obstruction from lymphoid hyperplasia within the salivary gland [43] . They range in size from 0.5 up to 5.0 cm, chiefly involve major salivary glands, and histologically form wellencapsulated cystic lesions associated with reactive (i.e., follicular hyperplasia) lymphoid stroma. LEC can be lined by glandular, pseudostratified squamous or ciliated epithelium. FNA harvests clear-to-turbid fluid that may sometimes be purulent. Cytomorphology shows polymorphous lymphoid cells, foamy histiocytes and a proteinaceous background. There may also be lymphohistiocytic aggregates indicative of germinal centers. HIV-associated LEC may contain numerous large, multinucleated giant cells [44] . Samples lack large sheet-like lymphoepithelial lesions characteristic of autoimmune sialadenitis or marginal-zone lymphoma. LEC may be associated with lymphoma. If there is concern for lymphoma, flow cytometry should be performed. Aspirates obtained from cysts with a squamous lining may show parakeratotic squamous cells with reactive atypia, as well as anucleated squamous cells, keratin debris and cholesterol crystals. However, there should not be significant atypia typically seen with cystic metastatic squamous cell carcinoma.
Neoplastic Lymphocytic Cysts
The neoplasm most likely to yield a non-mucinous lymphocytic aspirate is Warthin tumor. Warthin tumor (also known as papillary cystadenoma lymphomatosum) almost always occurs within the parotid gland, with exceptional single cases reported in minor salivary glands [45] . Around 10-15% are bilateral, with up to 30% being multifocal [46, 47] . They typically occur in adults, males, and especially smokers. There is a rare increased risk of malignancy, of either epithelial (e.g., MEC) [31] or lymphoid (e.g., lymphoma) [48] origin. Aspirates grossly resemble "machine oil" (i.e. thin, oily, and yellow-tan appearance). The characteristic microscopic finding is oncocytic epithelial cells forming 2D sheets or papillary-like clusters associated with polymorphous lymphocytes (Figs. 7, 8) . The oncocytic cells have abundant granular cytoplasm, round nuclei, and nucleoli. The cystic background has "dirty" appearing proteinaceous material with histiocytes, sometimes cholesterol crystals, inflammatory cells and debris. Some Warthin tumors can have squamous metaplasia which may yield atypical squamous cells, making it possible to misdiagnose them as squamous cell carcinoma [49] [50] [51] . There may infrequently also be mucinous metaplasia, which raises the consideration of a MEC.
Non-lymphocytic, Non-mucinous Salivary Gland Lesions
The differential diagnosis of salivary gland cysts with nonmucinous and non-lymphocytic cyst contents includes nonneoplastic cysts (e.g., polycystic disease and inflammatory cysts) and a diverse group of neoplasms with cystic change (e.g., acinic cell carcinoma, pleomorphic adenoma, etc.).
Non-neoplastic,
Non-lymphocytic, Non-mucinous Cysts Polycystic (dysgenetic) disease is a rare congenital cause of cystic change in the salivary glands [52, 53] . In most cases both parotid glands are affected, particularly in women. Minor salivary gland involvement is unusual [54] . This condition is not associated with polycystic disease affecting other organs. With this disease, salivary gland parenchyma is gradually replaced by multiple, fluctuating honeycombed epithelial-lined cystic spaces of variable size. Their cyst lining can be glandular (apocrine-like) or squamous, but there is no associated dense fibrosis. Cysts may contain microliths. Aspirates demonstrate scant bland epithelial cells and cyst contents devoid of mucin or lymphocytes [55] .
Infected cysts can have numerous admixed neutrophils and possibly even scattered bacteria (Fig. 9) . Other salivary gland cysts that belong to this non-neoplastic category are the benign inflammatory cysts associated with chronic sialadenitis, duct obstruction (sialolithiasis) and duct ectasia. Unlike the aforementioned developmental cysts, these cysts may contain α-amylase crystalloids, stone fragments, as well as acute and/or chronic inflammation. Aspirates therefore yield gritty, turbid or even purulent material (Fig. 10) . Amylase crystalloids are non-birefringent multifaceted structures with rectangular, rhomboid, and/or needle-like shapes (Fig. 11) . The majority of them are extracellular, but they may also be identified within histiocytes and giant cells. The crystalloids are believed to arise from saturated saliva. Crystalloids readily fragment in aspirates and for this reason may be easily overlooked as background debris. Such amylase crystalloids are typically associated with nonneoplastic inflammatory conditions (e.g., sialadenitis), but have also rarely been reported in association with Warthin tumor and pleomorphic adenoma (Table 4) [56] [57] [58] [59] . Amylase crystalloids need to be differentiated from floret-shaped tyrosine crystalloids. Tyrosine crystalloids are more common in black patients and often associated with neoplasms such as pleomorphic adenoma [60] [61] [62] . Injury or rupture of an inflammatory cyst may spill amylase crystalloids, which may in turn induce a foreign body reaction with multinucleated giant cells resulting in an "amylase crystalloid granuloma" (Fig. 12) [59, [63] [64] [65] [66] [67] . Based on data from limited case reports published to date, amylase granulomas present predominantly in the parotid gland (the main source of α-amylase) in patients over 60 years of age. Their size ranges from 1 to 6 cm [59] . The crystalloids are immunoreactive with an α-amylase immunohistochemical stain. The epithelium of inflammatory cysts may be denuded, flattened or lined by squamous (Fig. 13) , mucinous or ciliated metaplasia. Whilst a cystic squamous cell carcinoma may be of diagnostic concern in cases that demonstrate reactive squamous atypia, carcinoma is typically not associated with amylase crystalloids.
Neoplastic Non-lymphocytic, Non-mucinous Cysts In addition to the aforementioned tumors, several other salivary gland neoplasms can also rarely present with a predominant or partially cystic component. They include basal cell adenoma, canalicular adenoma, oncocytoma, sebaceous adenoma, intraductal papilloma, epithelial-myoepithelial carcinoma, intraductal carcinoma, and secretory carcinoma [2] . Furthermore, some primarily solid tumors can also undergo cystic degeneration with necrosis. FNA of these variants may yield only hypocellular fluid, making them hard to diagnose. Hence, it is important to ensure that diagnostic material in such cases also be obtained from any solid portion of these cystic tumors.
Pleomorphic adenoma, the most common salivary gland neoplasm, can sometimes contain cysts [2] . Smaller cysts are frequently lined by squamous epithelium and they may contain keratin. Larger cysts, typically due to cystic degeneration, have no true epithelial lining but are instead lined by low-grade salivary gland carcinoma harboring the unique translocation t(12;15)(p13;q25) that results in an ETV6-NTRK3 gene fusion [68] . These tumors typically arise in adults, and mostly within the parotid gland. They occasionally form cysts filled with white fluid. The cytological diagnosis of secretory carcinoma is difficult [69] [70] [71] [72] . FNA may show cohesive epithelial clusters, sheets, papillary groups and/or dispersed cells with background colloid-like cystic debris. The epithelial cells have abundant granular, vacuolated (histiocyte-like) or clear cytoplasm, round nuclei, and sometimes prominent nucleoli (Fig. 14) . Nuclear membrane irregularities, nuclear grooves, and hyalinized tissue fragments can be identified in cell block material [73] . The cells may have positive intracellular mucin staining, mimicking low-grade MEC [74] . Histologically secretory carcinomas may demonstrate a solid, microcystic, tubular, follicular and/ or papillary-cystic growth pattern. They are S100 and mammaglobin positive [75] .
Acinic cell carcinoma (AcCC) is another generally lowgrade malignancy that mostly occurs in the parotid gland of patients around 50 years of age. AcCC varies from being solid to cystic. AcCC with a microcystic growth pattern has many variably sized spaces (microns to millimeters) that contain amorphous non-mucinous proteinaceous material [2] . Lymphocytes and lymphoid aggregates with germinal centers may be seen in up to 30% of cases.
Unlike secretory carcinoma, they are mammaglobin negative. The papillary cystic variant of AcCC (AcCC-PCV) presents in younger female patients (16-40 years) and portends a poor prognosis. These tumors have much larger cysts (macrocysts) filled with papillary epithelial proliferations. FNA specimens are accordingly more cellular and contain papillary clusters made up of several cells including ductal, histiocyte-like vacuolated and/or acinar granular type cells (Fig. 15) [76] [77] [78] [79] [80] . AcCC-PCV may undergo metaplastic oncocytic or squamoid changes [72] . Some macrocysts may even contain scant mucin [2] . Given this variegated appearance, the cytological diagnosis of AcCC-PCV is understandably difficult. Of note, nearly all of these tumors can probably be reclassified as secretory carcinoma [81] .
Squamous cell carcinoma rarely develops as a primary salivary gland neoplasm, but is much more common as a metastatic lesion to intra-or peri-glandular lymph nodes. These metastases frequently undergo cystic change. FNA findings include atypical squamous cells, sometimes with keratin debris (Fig. 16) [82] . Cases with scant viable cellularity, limited atypia, and/or extensive necrosis are best classified as atypical. Squamous cell carcinoma needs to be distinguished from an epidermal inclusion cyst, lymphoepithelial cyst with reactive squamous metaplasia, and MEC. Compared to MEC, squamous cell carcinoma lacks extracellular and/or intracellular mucin. 
Conclusion
FNA is of diagnostic and sometimes therapeutic value when managing a patient with one or multiple salivary gland cysts. FNA in this context has low sensitivity, but good specificity, positive predictive value and negative predictive value for detecting neoplasms. The challenge in rendering an accurate diagnosis is related to the broad differential diagnosis, sampling error, frequent hypocellularity of specimens, and morphologic heterogeneity of some lesions. Moreover, there is often overlapping cytomorphology with many of the cystic entities. For example, squamous cells and mucin may not only be identified in cystic neoplasms such as MEC with admixed epidermoid and mucous-producing cells, but is also identified in aspirates from benign inflammatory cysts lined by epithelium with squamous and mucinous metaplasia. Similarly, sebocyte-like cells have been described in both cystic sebaceous lymphadenoma [83] and sclerosing polycystic adenosis [84] . Even the finding of amylase crystalloids may be associated with both non-neoplastic and rarely, neoplastic lesions. Reliable interpretation thus depends on correlation of cytologic findings with pertinent clinical and radiographic information. Separating FNA specimens based upon the presence of mucin and admixed lymphocytes in cyst fluid is helpful in the evaluation these cases. For indeterminate cases, The Milan System for reporting salivary gland cytopathology provides useful criteria for acellular aspirates derived from cystic non-mucinous lesions (i.e., classified as non-diagnostic) and those containing mucinous material but with only scant epithelial cells (i.e. classified as atypia of undetermined significance). Evaluation of the literature regarding salivary gland cysts is challenging given the change in terminology for several of these cystic entities (e.g., lymphoepithelial cyst and formerly branchial cleft cyst). Also, further studies are required to determine the feasibility of employing newer ancillary studies to evaluate hypocellular cyst samples. Nevertheless, FNA remains a useful procedure early on in the diagnostic work-up of patients with cystic salivary gland lesions since it can help reduce the number of patients requiring surgery.
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